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Lightweight Dual-Frequency Microstrip Antenna Feed for el
Future Soil Moisture and Sea Surface Salinity Missions
 Objective: Develop a compact dual-frequency
antenna feed for future soil moisture and sea
surface salinity missions
Enables: Compact, lightweight antenna How: Develop a dual-frequency (1.26, 1.29 and
feeds for operational soil moisture and 1.413 6Hz) microstrip antenna feed
ocean salinity radar/radiometer missions * Reduce the length of feed from 1.2 m 10 0.1 m

ﬂ ‘ Dual-frequency
ﬂﬂ@ ‘ Microstrip

e o W ‘ Stacked-Patch
: o = A ‘ ‘, ->0.05 m profile
'A / | .. +>2 kg
S \‘ Conical Feedhorn, )
' AmmEy Orthomode Transducer, Benefits iqhtweight
Ny and Frequency Diplexer
Assembly Low volume
Aquarius -1 m long Impact
... Reduced
Selected NASA ESSP-3 Missioh¥ mess Instrament rced  Reduced
«Aquarius proceeding to CDR Mass Support '"“"”’;‘e"*
*Hydros cancelled due to NASA budget constraint Structure an 3

mission

Volume/Mass
cost
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Key Design Drivers
v" Three frequency design to accommodate Hydros requirements
(1.26, 1.29 and 1.41 GHz)
— Aquarius requires only 1.26 and 1.41 GHz channels
v" Dual-polarization with high polarization isolation (>30 dB)

v" High radiometric calibration stability (Low insertion loss and
temperature control requirement)

Frequency Polarization Polarization |Radiometer |Radar
Isolation |Calibration |Calibration
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Hydros  |1.26, 1.29, Polarimetric (H |>30 dB 0.7K 0.3dB
and 1.413 and V
GHz polarization
s for
antenna)
Aquarius |1.26 and Polarimetric >30 dB 0.1K 0.1dB

1.413 GHz
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MSPA Development Activities

v' MSPA and PALS

v Antenna Design and Inegrn
Assembly \_;»
v’ Patch Design * Frame design and
. Array fabrlgatlon
elements °* Coaxial cable
« Power Tabrlcatl_on
dividers

v Antenna
Range
Measurements S e

v' Return loss

v Bgadsurements
material testing

iimlE
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Stacked Patch
Radiating Element
Design and Testing
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Radiating Element Design: Parasitically- Coupled Stacked Patch

Mesh model used in FDTD for
Stacked Patch Element !
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Geometry of Parasitically Coupled Stacked Patch el

h,= 5.79mm h, i =

h, = 6.40mm h.i

Parasitic —Patch
) (upper patch)

— Driven-Patch
(lower patch)

<——9.1cm

Driven patch

Parasitic patch

_—

x =1.17cm from edge of driven patch

< 16.13cm

Dimensions of the Stacked Patch Element

~,

Ground-plane

Photograph of the Stacked Patch Element
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Measured Results of Individual 16-elements of
the Stacked Patch Array
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Measured Return-loss for H-ports of 16-Stacked Patch Array Elements
H-ports
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The right frequencies of operation with good repeatability and required bandwidth have
been achieved for all the H-ports of the 16 array elements 10
Lower batch: 1 26G6Hz (BW: 90MHz) = Ubber Patch: 1 413GHz (BW: 40MH2)
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Measured Return-loss for V-ports of 16-Stacked Patch Array Elements

sn-o16|1266Hz 14136Hz

- | | | | lil | | | | | | | L | | |
1 1.4 1.2 [ 1.4 1.5
Frequency (GHz)

The right frequencies of operation with good repeatability and required bandwidth have
been achieved for all V-ports of the 16 array elements 11
Lower batch: 1 26G6Hz (BW: 90MHz) = Ubber Patch: 1 413GHz (BW: 40MH2)
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Measured Isolation between H and V-ports of 16-Stacked Patch Array Elements

0

-5

The isolation between H and V-ports at the operating frequencies are below -20dB

1.4136H%..................n....

1.266Hz

D L]

T N B N

| |
1.2 1.3
Frequency (GHz)

1.4

12

for all the 16 array elements
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Array Optimization
and Feed Arrangement
to Reduce Cross-

Polarization
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Array Feed Optimization
for Airborne Prototype

Optimization
parameters:

- Element spacing, 0.6 to
1.0 wavelengths

- Element excitation, O to
1.0 amps.
2

total

hadd AN A AL S g -

Fi
F = (100 ~100 Peam )

1.4136Hz

1_:‘

T = {da lg, I, 12, 13}

Iop| | I1|  I7 | | Ig
Ir| |I3 | |I3 | | I
I»| | Is| | I3 | | Io
Iop| | I1| I1 | | Ig
N

14
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Numbers are dB down
from center elements.

-13.87 |-6.36| |-6.36| -13.87

-6.36/ |0.00| |0.00| |-6.36

-6.36/ |0.00 | |0.00| |-6.36

-13.87 |-6.36| |-6.36| -13.87

s
d= 0'76)‘1.416Hz

Same feed network
as for 1.41 GHz.

Optimized Array (1.26 GHz) ’,Eﬂ

20+

10+

-10L
-20.
-30.

-40L

=L 1/ /1)

-80 -60 -40 -20 0 20

Optimized Pattern:
Freq. = 1.26 GHz
Directivity = 18.83 dB
HPBW = 22.4 degrees

No effect of back-radiation has been incorporated in calculations
15
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Optimized Array (1.413G6Hz)

Numbers are dB down
from center elements.

-13.87 |-6.36| |-6.36| -13.87

-6.36/ |0.00| |0.00| |-6.36

-6.36/ |0.00 | |0.00| |-6.36

-13.87 |-6.36| |-6.36| -13.87

s
d= 0'76)‘1.416Hz

L —1
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20+

10

-10L
-20.
-30

-40

“ /)

-80 -60 -40 -20 0 20 40 60 80

Optimized Pattern:
Freq. =1.41 GHz
Directivity = 19.98 dB
Beam efficiency = 99.2%
HPBW Eplane = 19.8 deg.
HPBW Hplane = 20.2 deg

No effect of back-radiation has been incorporated in calculation156
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Feed arrangement to reduce cross-polarization and improve isolation

Baseline configuration

Surface currents
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Feed arrangement to reduce cross-

Directl\flty .(dB)

19

L : : : {!
polarization and improve isolation :

E-plane Copol
——=—— E-plane Xpol
o] s Heplane Copol
B B as H_pla“e xPol
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-S-QIBO -150-120 -90 -60 -30 0 20 60 90 120 150 180

Angle (Deg)

Far-field patterns
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Feed Network Design
and

Prototype

Sy
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Remarks:

- All the output ports are matched to 50Q.

» Considers the required phase for mirrored arrangement of antenna
elements

- The overall insertion loss with eight repeated measurements was - 20

N 200. NNRAD A4 1 2L fniad NIORI1AD . NNRAD A4 1 N1270 1 1=




JPL Measured Transmission of 1:16 Power Splitter ;Ell;
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Frequency (GHz)
Transmission parameters between the input port and the sixteen output ports

Ports 4,5, 6, 11,12, 13 and 14 are -6.36dB below ports 7, 8, 9 and 10
(feed center-elements of array) and ports 1, 2, 15, 16 (feed for edge
elements) have -13.87dB taper with respect to ports 7, 8, 9 and 10. 21
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Measured Results of

Sixteen Element
~ Stacked Patch Array




Bk Connections for the Power-dividers and Back-View of stacked Patch ArrqgJ"

[J gﬂ SN003 SNOO1 SN002 SN004 s |j ' c l n
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¥ j«» ! ™ s /g ; )
et \ i 4 : .

I o g
ad e L LAl
SRR Al
Power-divider Power-divider
(H-ports) (V-ports)

~ Overall insertion loss for 8

repeated measurements
1.266Hz:-0.289 = 0.05dB23

© 1.4136Hz:-0.251 + 0.05dB
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i MSP A (AUT) Open-ended waveguide probe:
WR770: L-band =
‘wifh Kapton Cover ( ) |.I|

Front-view of the Sixteen Element Square Microstrip Stacked Patch Array
(MSPA) mounted in Spherical Near-field Test Facility at UCLA

Measurement Procedure:

In the spherical near-field test set-up, the amplitude and phase of the fields are measured over a spherical
scanning surface surrounding the Antenna Under Test (AUT: MSPA).

The field probing antenna, an Open Ended Waveguide (OEWG) -WR770 (0.95-1.45GHz) is placed in the
radiative near-field of the AUT (3\). 24
The far-field is combuted from the NSI Inc. software that uses sbherical mode exnansions of near-fields.
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Return-Loss (dB)

5 [

L

Measurement Results for 16-Element Stacked Patch Array

O

H-port

eturn- LosS o Veport

sk
_2(33_ .
P _ 1260 £ 10MHz |
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qobli v byl | T | PRI RSV I

Ll Ll Ll Ll
1.2 1256 1.3 1.35 1.4
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1.1 1.15

2 R 0B
[T l T TETT
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............... .... Array ports
............... soas E|ement POITS
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||B!°.||ilig§|

&
L
L
'y

=

R LT

1.2 13 1.35
Frequency (GHz)

|
1.4 145 1.5

Significant improvement in isolation (S;,) between ports is

observed for array compared to individual radiating

element

25
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Radiation Pattern Measurement Results for Ar'r'cic\,l'll
[ i : ~——a—— E-plane Copol (H-port) [ : 3 _ ——4—— E-plane Copol (H-port)
- F.req . 1-ZSGHZ ~m—— E-plane Xpol (H-port) E F.req :1.413GHz st Ewplane Xpol (H-port)
Y= S P it i Hiplane Copol (H-port) S5F . S — 3 —— H:plane Copol (H-port)
- wipe  H=plane X pol (H-port) E 3 ———gp— H-plane Xpol (H-port)
-10F ‘. =4. = E-plane Copol (V-port) -10 “awiwasws E«plane Copol (V-port)
= ~.-m.— . E-plane Xpol (V-port) B — . -m-—- E-plane Xpol (V-port)
15 - § —-.=¢.-—.. H-plane Copol (V-port) -15 ~=—-=ge- = H=plane Copol (V-port)
- — - =y- — - H-plane Xpol (V-port) E — - =y-—- H-plane Xpol (V-port)
-20F — . . B =T . L, LA
11} = ey 11} B
S5k -plane |5 o5}
- >
£ 3 30
I g
@ -35 - @ -35
Q 4 Q 10
L

-55 B/

I]ll‘[lI'III]IIIII[II[IIIIIII _'_ll][l

3

E ||||||.'l J 4 |
SQQU 75 60 -45 -30 15 0 15 30 45 60 75 90 90 -75 -60 -45 -30 15 O

Angle (Deg) Angle (Deg)

o

-Symmetric pattern in the main beam region for H and V-polarizations
with identical beamwidths

» The cross-polarization is <-40dB in the main-beam region of the array.
26
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Comparison of Measur'emen'r and Simulation Results

T -
E ] /\ ~ === sim-meas-phase
& Esuatics o s simeideal phase

10 F _____________ T s

-15 F

— %
£

- : 21
= _ ; ' i % - a4
i i

% o ! AV
-35 BoA\ AT A

Normalized Directivity (dB)

-45 |-

0,80 -150-120 -90 -60 -30 0 30 60 90 120 150 180
Angle (Deg)

Ideal amplitude Actual measured amplitude
(0.160, 0.380, 0.380, 0.160)  (0.154,0.374,0.374, 0.153)
(0.380, 0.790,0.790,0.380)  (0.374,0.772,0.771,0.374)
(0.380, 0.790, 0.790, 0.380)  (0.380, 0.790, 0.790, 0.380)
(0160 0380 0380 0160) (0150 0380 0380 0154) 21
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45 -plane Copol
-+ 45 -plane Xpol
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8

Measur'ed Paﬁ'er'n for 16-Element S‘racked Pa‘rch Ar'r'ay

E, Freq 1.413GHz
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15 30 45 60 75 90
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*The side-lobe levels are low but the cross-polarization levels are higher (-30 dB) outside of
the main-beam region compared to the principal planes.

*The main source of cross-polarization is the fringing fields that are oriented 90° with
respect to the field in the main polarization. Their contribution to the E and H planes can be
minimized however they are maximum in the inter-cardinal (45-plane) planes.

*This is a well established phenomenon in the far-field pattern of arrays where the cross- .4
polarization field levels in the 45-plane is higher than the cross-polarization levels in the
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MSPA/PALS-II Plan and Status

By July 2006 Summer 2007 >
= Full array Comp|eted and * Science field experiments
NCAR C-130 aircraft used

for PALS Mission tested in Jan 2005 on Twin-Otter

=  Greater than 35 dB
polarization isolation

= Sky test completed

Passive Active L/S-band (PALS)
Instrument on the C-130 aircraft

; e PALS-II on Twin

= Polarimetric upgrade Otter proposal
completion in 2005 selected for funding

from Hydrology

program for field

experiments
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PALS Front-End Modification and Integration with  [s!!

MSPA

« PALS Front-End modified to

~_mimic the Aquarius design

% [ - Correlated noise injection
o B into the frequency diplexers

oerey ' cwestma - Include microwave hybrid
T network to acquire V, H and

] I +45 degree linear (P/M)

Polz Noise Diode Ad (ND &) pOIarizatlonS

sp Power Supplies [™® C3 (ND BH)

AntennaE! v

C4 {MD BY)

T Block Diagram of Modified PALS
Radar Input Front_End 31
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Overview of Cold Sky Tests

Cold sky radiation is extremely stable at L-band for accurate
radiometric calibration

Five sets cold sky tests were completed from July 2005 through June

2006
Location Center Frequency | Purpose and scope of tests
Date
July 26-August JPL Bldg. 168 | 1.415 GHz Initial tests of insertion loss and thermal
11, 2005 control. Comparison with rectangular horn
was performed to validate the analysis
technique. Tests were also completed for
various radome materials.
October 3-16, JPL Bldg. 168 | 1.415 GHz Tests with improved thermal control; Minor
2005 infrequent external radio frequency
interference (RFI) was observed.
April 5-18, 2006 JPL Mesa 1.410 GHz and Insertion loss tests at 1.410 GHz. Tests at
Antenna Range | 1.415 GHz 1.415 GHz were also performed to confirm
measurements in October 2005
April 24-May 11, | JPL Bldg. 168 | 1.410 GHz In collaboration with the 1P team to study
2006 the impact of RFI.
May 23-June 19, JPL Bldg. 168 | 1.410 GHz Long term stability tests to determine the

2006

response of insertion loss to environmental
parameters.

==

32
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Tant (K)

Insertion Loss Estimate from Cold Sky L
Measurements (July-August 2005)
Parameter Estimated
Value (K)
Measured zenith antenna 112
temperature
Cold galactic background ~6
signal
Backlobe pickup (~ 1.8 %) ~5
Reflected radiometer signal ~10
Planar Antenna 9/10 Aug 2005 ~ Vert — Horz from horn
115 (using measured -15 dB
return loss)
114
Calculated ACT antenna ~01
s Ohmic emission
112
» Total insertion loss 1.55dB
e (measured)
aoomoBm e ®® % Coaxial cable loss 0.5 dB
(measured)
 The insertion loss of patch array is Power divider loss 0.4dB
about 0.6 dB at 1.415 GHz (measured)
Patch array loss 0.65 dB 33
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Results of Sky Testing Demonstrating Repeatability
In October 2005

120 T == T | | | | | | -

~ _Z-» : = I 119 ; .......................................................................................................... i
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 Data acquired on Oct 8 and 9 = ]
showed strong repeatability . 20 25 30 35 4

(<0.2K) level over most parts 2% Time (hour)

of the night (before 3am). e asEn ___________________

e The difference increased to pe T E
0.5K level in early morning, = _p“ e —E

- el '“ Lt LR e L i L b T Ce-Y | o

probably caused by the 2 e o
varying backlobe pickup. E e SRS

e There could be some small = e
RFI on Oct 8. i 1
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—

15 20 25 30 35
Time (hour)
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e The insertion loss of the patch
array 1s about 0.64 dB, consistent

Summary of Sky Tests at Mesa Antenna Range In

April 2006 at 1.415 GHz

with the rooftop test results in
2005.

e The standard deviation of the

measurement 1s about 0.004 dB.

Air

Relativ

e Total Total Array Array
pate | 'V (K) | Th(K) | Temperat |\ ivie | (v (dB) | LH(@B) | LV (@B) | LH (@B)
ure (°C)
y (%)
4/5/200
6| 1006 | 112 8.9 84.9 | 1.5123 | 15613 | 0.6123 | 0.6613
4161200
6| 110 112.4 11 83 | 1.5204 | 1.5695 | 0.6204 | 0.6695
4171200
6| 1005| 112 11.4 73.3 | 1.5103 | 1.5613 | 0.6103 | 0.6613
4181200
6 | 1006 | 112.3 123 78 | 15123 | 1.5675 | 0.6123 | 0.6675
Average (dB) 15138 | 1.5649 | 0.6138 | 0.6649
Standard Deviation (dB) 0.0045 | 0.0042 | 0.0045 | 0.0042

5 [

Jell

35



APL

Summary of Sky Tests at Mesa Antenna Range In

Aprll 2006 at 1.410 GHz

101 T

- A MU .
?-d-f o ) B ™ T " IO T .....

FQR .......................... ....................... e ¥ [T

97

i:} :

i{}

20

_ ";Il,’

— H+6.5[]

30

Hours (PDT) from the start of 18 April 2006

The standard deviation of the insertion loss

estimate i1s about 0.01 dB.

The insertion loss at 1.410 GHz i1s about 0.55 dB,
lower than that at 1.415 GHz by 0.1 dB

Pl

Sate Tv (K) TH (¥ Alr Tef(‘gg;&fat“fe HuFr;eiI(;iitti;/?% ) | AmayLv @8) | Aray LH (@B)
4/11/2006 98.4 91.9 12.5 74.7 0.5578 0.5294
4/13/2006 98.4 91.7 16.7 54.5 0.5578 0.5255
4/15/2006 97.8 91.6 13.3 77.6 0.5458 0.5236
4/16/2006 97.8 91.4 13 77.8 0.5458 0.5197
4/17/2006 97.6 90.8 12.4 56 0.5418 0.5081
4/18/2006 97.1 90.6 17.7 354 0.5319 0.5042

Average (dB) 0.5468 0.5184
Standard Deviation (dB) 0.0099 0.0101

36



-PL Stability Test Data at 1.410 GHz from May 23-June
19, 2006

Tv

)
5/23/2006 99.2 94.2 16 78.4 30.1 0.5418 0.5431
5/24/2006 99.2 94.1 18 65.8 30.1 0.5418 0.5411
5/25/2006 99.1 93.6 18 78 30.2 0.5398 0.5314
5/30/2006 98.4 93.6 18 51 29.7 0.5259 0.5314
5/31/2006 98.6 93.6 19 57 30.1 0.5299 0.5314
6/1/2006 98.7 93.7 18.3 63.9 30 0.5319 0.5333
6/5/2006 99.8 94.4 18.8 81.4 30.9 0.5538 0.5470
6/7/2006 99.3 94.6 19.2 84.2 315 0.5438 0.5509
6/8/2006 99.2 94 18.7 85.3 315 0.5418 0.5392
6/12/2006 99.4 94.2 14.8 81.2 29.6 0.5458 0.5431
6/13/2006 98.4 93.1 17.6 62 29.7 0.5259 0.5217
6/14/2006 98.3 92.9 19.3 62.2 30.1 0.5239 0.5178
6/16/2006 98.5 93 23.5 46.2 30.8 0.5279 0.5197
6/17/2006 98.9 93.7 19.8 77.1 30.7 0.5358 0.5333
6/19/2006 98.8 93.7 19.5 70.2 30.3 0.5338 0.5333
Average (dB) 0.5362 0.5345
Standard Deviation (dB) 0.0087 0.0098

« Tests conducted on the rooftop of JPL Bldg 168
» Temperature sensor installed on the front face of MSPA to monitor the antenna

surface temperature

e The insertion loss estimate is about 0.53 dB+0.01dB

if

37
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There was correlation with relative humidity.

No obvious correlation with air temperature and antenna surface temperature  3g
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Strong Correlation with Relative Humidity

0.56

L]

“.F".-"l | i

TITI011

157 i TR TN TR RTTA TR TR TR ETER IR v
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(VIRT-IRTHETH- TRTTTET - FNRIRE- TR
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« Strong correlation with
ambient relative
humidity
— 0.81 correlation for V-pol
— 0.74 correlation for H-pol

e The standard deviation
from the linear regression
— 0.005 dB for V-pol
— 0.007 dB for H-pol

39



No Obvious Correlation with Temperature
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Summary of Cold Sky Tests

e The insertion loss of the MSPA has strong
correlation with the relative humidity from
the JPL weather station data

 No obvious correlation with the air
temperature or antenna surface temperature

 The Insertion loss estimates are about
0.5+0.005 dB at 1.410 GHz.
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Assessment Against Soil Moisture and Salinity
Mission Requirements

v Three frequency design to accommodate Hydros requirements
(1.26, 1.29 and 1.41 GHz)

— Aquarius requires only 1.26 and 1.41 GHz channels
v Dual-polarization with high polarization isolation (>30 dB)

v High radiometric calibration stability (Low insertion loss and
temperature control requirement) for soil mositure

Polarization Polarization Radiometer | Radar
Frequency Isolation Calibration Calibration
Hydros 1.26,1.29,and | Polarimetric (H >25dB 0.7K 0.3dB
1.413 GHz and V
polarizations for
Aquarius 126and 1.413 | POERRRtric >25 dB 0.1K 0.1dB
GHz
MSPA/PALS | Requirement Requirement met | Requirement <0.3K Requirement
met met (ground met (0.005
measuremen | dB)
f)

1

-
o=
—
==
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Conclusions
* |t has been demonstrated that the
performance of the MSPA feed will meet
the soil moisture mission requirement

— The stability of the MSPA loss is better than
0.005 dB and 0.3K

— Required additional work to demonstrate the
performance for salinity missions

1

==
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Future Plan for MSPA/PALS-II

By July 2006 Summer 2007 .
NCAR C-130 aircraft used - FU” array Completed and ) Plann.ing Science fleld
for PALS Mission tested in Jan 2005 experiments on Twin-
= Greater than 35 dB Otter

Passive Active L/S-band (PALS)
Instrument on the C-130 aircraft

polarization isolation
= Sky test completed

-
o (S
CILALY \
* Proposal for field
= Polarimetric upgrade experiment selected
completion in 2005 for support under

the NEWS program
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Future Work

« Conduct additional ground tests to
minimize the impact of moisture to assess
the calibration performance of the MSPA
for salinity measurements

45
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Backup Charts
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Return-loss (dB)
o

rn
o

-25

1l L
AL
Return- Loss Results for the Stacked patch Element
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Frequency (GHz)

Comparison between Return-loss for Sub-cell, Weighted Average
FDTD Simulations and Measured results 47
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Pattern (dB)

i 1

Measured Radiation Pattern for Stacked Patch Element
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JPL Particle Swarm Optimization (PSO) T

Consider a swarm of bees that
want to find the area with the
most flowers.

-
o=
p—
==

« PSO models the behavior of natural

swarms.

* The position of each "particle”
represents a possible solution.

«  Particles move toward locations that
have had good results.

Particle-Swarm Algorithm
(1) Found a personal best location.

- One component of the velocity
vector points to that position.

- The other vector component
points to the global best position
(2) Found global best location.
(3) No useful personal best location
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Fitness Calculation

(1) Position vector from PSO:

-
o=
—
==

= {d, Ip, I1,I>, I3}

(2) Reformat for 16 elements:

I={lo,..,I15}
X =A{z1,...,z15}
Y ={y1,...,y15}

(3) Find total radiated power from DUAL: Ptotal
(4) Find HPBW from far-field pattern: HPBW
(5) Radiated bower from Pbea m

0<60<125x HPBW

(6) Calculate fitness value:

F = (100 - 100@)2

Protal -
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Potential L-band Array
Topologies as Feed for

12m Offset Reflector
(Simulations)



JPLProposed 12m Offset Reflector Antenna Geometry ﬂfﬂ

\\\
\\\
‘\
\ “\
z; 79.6“@\ xf %
\ 39.80

>f=72m > z

Artist's rendering of an offset paraboloidal
reflector antenna with a deployable mesh reflector

and multiple reflector feeds.
(Only two beams of the planned seven beams are

shown in the figure)
Reflector Geometry: Antenna diameter of 12 m
Focal length of 7.2 m.
Feed for the reflector is offset by 6 m.
Subtended angle of the reflector is 79.6°.

Vertical cross section of the desired offset
parabolic reflector antenna
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View of the geometry of the planned seven feeds

AN
80 P
60 < _°19.'6>56.7 Feed X, (cm) Y, (cm)
393,454
40 \ 0 0.0 0.0
£ N
< 20l T 58 ,1).3 1 19.6 56.7
of | A e . 2 58.9 11.3
IR a AN
2! 8.g.11.4 < 3 39.3 _45 4
40 | < 03%;5'4 4 -19.6 _56.7
0 19.6-56.7 5 _58.9 “11.4
pp—— L 6 -39.3 45.4
80 60 40 20 O 20 40 60 80

X (cm)
Feed Geometry for the reflector system. Coordinates of all seven feeds with respect

Each point represents the center of each 1o the focus of the reflector
feed.

Remarks: There will be seven feeds located near the focus of the antenna.
One feed is directly at the focus of the antenna with the other six feeds
forming a ring around the feed at the focus. The center of the offset feeds
will be 60 cm from the focus.
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12m Offset
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Far field reflector pattern illuminated by a horn
with the feed located at the focus of the 12 m
reflector antenna operating at the L-band
frequency of 1413 GHz. ~
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sing sind (Crosstrack)
Far-field footprint of seven corrugated horn
feeds illuminating the 12 m reflector antenna at
1.413GHz. Contours are -3 dB, -10 dB, and -20 dB
below the peak of each beam.

0.06 0.09 0.12
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An alternative design to horn feeds is using patch arrays as feed to illuminate the reflector.
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Study of array ’ropologles using FDTD Simulations as alternative feeds to hor

FDTD mesh model showing nine-element

square array excitation amplitudes
optimized  using  Particle = Swarm
OpTImIZGTIOH (PSO)
E-plane Copol
15 ~— — — — E-plane Xpol
10 o |=r=s=n=. H-plane Copol
- ....... o :H-pl.ane *pol

Directivity (dB)
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FDTD simulated far-field pattern
(Nine-element square array)

Directivity (dB)

FDTD mesh model
element hexagonal array excitation
amplitfudes optimized using Particle
Syvar'm Ophmuza’ruon (PSO)
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FDTD simulated far-field pattern 55
(Seven-element hexagonal array)




APL

Tabulated Results of single element and comparison of array and horn feeds

Jell

Single Patch Geometry and Impedance Specifications

Length Substrate S,;; | Bandwidth
(cm) €., tand (dB)
Radar 9.10 1.52,0.0004 | -23 +10MHz
(1.26 GHz)
Radiometer | 8.50 1.32,0.0003 | -30 | +15MHz
(1.413 GHz)

Comparison of far-field radiation results of the various feeds

Feed Directivity | 3dB beamwidth | 3dB beamwidth
(dB) (E-plane) (H-plane)
Horn 15.20 34.0° 34.0°
7 -element 16.29 31.7° 27.9°
hex-array
9-element 17.25 26.7° 27.0°
square-array E
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12m Offset Reflector Patterns with Hexagonal Array F Ied
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T o T e, T e e =0 (Copol)
35 :_ T __________ d) - 90 ‘c opol'
. O SRS SR : : ¢ =90 (Xpol)

D.05F

Directivity (dB)
v(singsing)

-0.05¢

01¢

I
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3 6 9 12 15 u(cos¢sing)

)
Angle (Deg) Far-field footprint of seven
Far field reflector pattern illuminated hine-element  square feeds

by seven-element hexagonal array with illuminating the 12 m reflector
the feed located at the focus of the 12 antenna at 1413  GHz

m reflector antenna operating at the L- Contours are -3 dB, -10 dB, ana

band frequency of 1.413 GHz. -20 dB below the peak of each,
beam.
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l
Comparison of far-field radiation results with '
various feeds for 12 m offset reflector

1_:‘

Feed Directivity Beam- 3dB
(dB) efficiency (%) | beamwidth

* With respect to the 3 dB beamwidth when the feed is located at the reflector's focus
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Summary of
Measured Results

Sy
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Measured Directivity and Estimated Beam-Efficiency of the 16-element
25 -

24 |
o]
2
7k

20

Directivity (dB)

18
17F

16 |

IJIIJI I JIJl

IJIIJI

IlIJl

I]IJlI

1.2 123

126 129 1.32

Frequency (GHz)

1.35

1.38

1.41

1.44

Frequency | Measured
(6Hz) Directivity
(dB)

1.24 18.375
1.26 18.477
1.29 18.675
1.36 19.072
1.40 19.395
1.413 19.522
1.42 19.517
1.44 19.195

1]]ﬁ
L.
rray

Estimation of Beam-Efficiency from Measured Results (Frequency: 1.413GHz)

Port Beam-efficiency Beam-efficiency Beam-efficiency Directivity
(E-plane beamwidth) | (H-plane beamwidth) (Average) (dB)
H-port 94.20% 94.50% 94.20% 19.61
V-port 94.00% 94.35% 94.35% 19.52

161




Parameter Measurement
Lower Patch Upper Patch
Resonant Frequency (GHz) and 1.26+10 1.413+15
frequency bands (MHz)
Directivity (dB) 18.47 19.53

3dB Beamwidth (HPBW)

E-plane: 22.87 E-plane: 20.10

(Freq: 1.413GHz)

(Degrees) H-plane: 23.00  H-plane: 20.41
1st Side-lobe level (dB) -22.00 -24.00
Cross-polarization levels (dB) <-40.0 <-40.0
(principle planes)
Beam-efficiency (%) N/A 94.3
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Estimation of Loss and
Efficiency of L-band Array



L FDTD Implementation of Wheeler Cap [

No-cap

With cap

Schematic of probe-fed single resonance microstrip antenna with no cap and with conducting cap

Procedure for FDTD Implementation of Wheeler Cap:
Two simulations of input impedance of the antenna.
Simulation 1: Antenna is isolated and is allowed to radiate into free space
(PML boundary condition in FDTD).

Simulation 2: Antenna is enclosed in a conducting metal cap (PEC in FDTD)

Input resistance of antenna in isolated state : R +R,

Input resistance of the antenna with a cap: R,

(Rr' is the radiatigprecictance D ic the |ggg resictance)

Efficiency: Eff — Rno_cap — Rcap Eff = Gno_czatp — Gcap

no _ cap no _ cap

Series RLC Equivalent Parallel RLC Equivalent 64
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FDTD Validation of Wheeler Cap for' ngh Loss Substr'a’re

100

. o S |
8O [ -
/ w [ ; : no-cap
E GO : i i i P ——— cap
<—|L=3.6cm——> c ' : . ' ; ' s
3 A
c - : £
h=1.6mm it 8 40 -
['4] I~ f \
<——— GP=8.7cm —> F
5 20
-
£

Microstrip geometry with high-loss
FR-4 substrate (€= 4.1, tan5=0.025)

0

T —

A7 DN
="Resonant fr‘j/quency: ¥

_20 _I Ll II: Ll Ll I Ll L Ii Ll Ll I Ll ki L Ll I Ll L Ii Ll Iil Ll I Ll Ii
1.8 185 19 195 2 205 21 215 22 225 23
Frequency (GHz)

Effi ciency: Input resistance computed from FDTD

Eff }/175 }/305% 40.15%

}/175

Efficiency computed from reference is 41.0% using commercial software ENSEMBLE

Ref: H. Choo, H. Ling, "On the Wheeler Cap Measurement of the Efficiency of Microstrip Antennas”65
IEEE Trans. Antennas Propagation, Vol. 53, No. 7, pp. 2328- 2332, July 2005.
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AR I;fr = w“\. " { = "‘-fé".

L band s‘racked pa’rch elemem‘

Patch size: 9.0cm x 9.0cm,

Ground-plane size: 16.2cm x 16.2cm
Substrate (e.= 1.52, tand=0.00383)

Cap dimensions: 22.4cm x 7.2cm x 22.4cm

B (g g

|I1|:lln]
FDTDsumlahon of Wheeler' Cap for low- Ioss L band subs'rr'al"

350 E.

no-cap

_——— - cap

300 :

Dosok
2asof

ra
(=3
o

Resista_nce (Oh
o
o

e
o
o

Sl FEarETS 12 125 13 135 14 145 15
Frequency (GHz)

Input resistance with cap: 322.91Q
Input resistane without cap: 23.99Q

Eff 12390~ 732,93 _ 0,096

%3.99
66
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Directivity/Gain Method (Substitution

WR-770 probe

Return-Loss (dB)
- ;
(@]

N
@)}

L-band®standard gain horn

w
o
|

~ outside
in-chamber

U
w
)]

T

I | | | II Ll Ill L.l III Ll Ill Ll III Ll Ill Ll III i | 'II Ll II
1 11 12 13 14 15 16 17 1.8 19 2
Frequency (GHz)

- Comparison of far-field level of L-band array (AUT) to that of a known
standard gain horn substituted under the same conditions.

OThe difference in signal level is the difference in gain between the AUT and
the standard gain horn.

B
o

Parameter | Directivity Gain Loss
(dB) (dB) (dB)
Meas d values 1.266GHz 18.557 18.231 0.326
easureda vailues. »
67
1.413GHz 19.522 19.188 0.334
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Strong Correlation with Relative Humidity
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No Obvious Correlation with Antenna Surface

Temperature
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No Obvious Correlation with Air Temperature
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